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Graphs showing that the proposed “EE C95.1-1991 (IEEE 199" propy .cd mcrease in the frequency range above 1500
MHz is expected to violate the basic protections of the standard
N ———

Fig.ur.e 11.2A is taken direc_tly from the Radiofrequency Radiation Dosimetry Handbook, 1986. and is Figure 11.2 on page 11.3.
This is the reference to which IEEE 1991 refers for those seeking further dosimetry information. Hence. IEEE 1991 accepts it as

a valid reference. Figure 11 2A shows. for example, that for frequencies above {500 MHz, 2 10 kg child will reach the limit of

0.4 W/kg at just under a power density of 10 mW/sq. cm, and that persons of 12 k
mW/sq. cm. This thus shows that ANST C95.1-1982 limit of S mW/'sc cm s
exceeding the average whole body SAR limit of 0.4 W/kg,

g and 70 kg will reach 0.4 W/kg at just over 10
prolective above 1500 MHz of such persons

Nodce r.h:_;t for a lOl kg c?u‘ld this limut 1s exceeded at 3000 MHz and above Hence, for the less conservative tier IEEE 1991 is
incompatible with its basic provisions Since the less restrictive tier i< not based on occupational exposure but on “awareness™ or

on being in a place of public transit, -

-
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: 100}~ N “r-1 75m Wi -70kg

y ", e Hr=1 38m  Wi-32kg

x so} - — e M0 74m  Wr-10kp

o 20: A 1’.-\ v~ Mgn ar Gd Plowg

w 10¢ AN - i -

c 3 \ \ ///T-—.
& ‘ ey

\; ?l \\/"':y\a L ‘500 MH;
b “!T Lim ity —

§ 0.2+~

-« 0 1 e — e — 3 R
$ 00 10! 102 103 3w 10
< FREQUEN' Y (Mne] My
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Pigure 11.2B is obtained from Figure

' kg child waiting at a bus stur zoule be cxposed at this level for a long time,
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child
w ) e

Crceadet

'1.2A by observing that average whole body SAR is directly proportional 1o power density

in the range where power density 1s m: sningful (0.1 to 6000 MHz [IFEE 199! pg. 22]. The average whole body SAR limit for
the more conservative tier of [EEE 197 | is 0.08 W/kg, which s 1/5th of 0.4 W/kg on which Figure 11.2A is based. Hence, to
find the power density at which a persn will cxceed 0.08 W/kg, one need only divide by 5 the power density valucs along the
vertical axis of Figure 11 2A. This 1s vhatis shown in 11.2B For IEEE 1991 power density limits from 300 MHz to 15,000
MHz are frequency / 1500. So we obtin: for 3000 MHz limit = 2 mW/sq <m. for 4500 MHz limit -_3—_W/sq. cm, and for 6000

a—
.

MHz limit = 8 W/sq. cm.
——

It should be noticed that at least by 4500 MHz a 10 kg child 1s expected 10 cxceed the [EEE 1991 average whole body SAR limit
of 0.08 Wrkg, and that at 6600 MHz all body sizes shown are expected 1o exceed an average whole body SAR limit of 0.08 W/ikg.
Hence, based on the reference cited by TEEE 1991, the power dens:t~« 't recommneds are incompatible with its basic provision

not to exceed 0.08 W/kg for the mo:.. . nservative tier
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SPECIFIC ABSORPTION RATES AND INDUCED CURRENT
l DISTRIBUTIONS IN AN ANATOMICALLY BASED HUMAN
MODEL FOR PLANE-WAVE EXPOSURES

/c/ Om P. Gandhi,* Yong-gang Gu.*® Jin-Yuan Chen,* and Howard [. Bassen’
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considerations may apply for multiple cxposures
(sce 8.2.2.1)

8.2.2 Exposure Duratoa. For a singlc-pulsc
laser, the cxposurc duration is equal to the pulse
duration, 7, defined at its half-power points. For
a cw visible (400 to 700 nm) laser, the cxposure
duration is the maximum time of enticipated
direct exposure, Ty, If purposeful staring into
the beam 15 not intended or anticipated. then the
aversion response time, 0.25 s, may be used

For non-visible wavelengths (less than 400 nm or
greater than 700 nm). the cw exposure duration Is
the maximum time of anticipated direct exposure.
T max- For the hazard evaluation of reunal
exposures in the near-infrared (700 to 1400 nm),
a maximum exposure duration of 10 s provides an
adequate bazard criterion for cither unintended or
purposeful staring conditions. In this case, cye
movements will provide a natural exposure
limitation eliminating the need for exposure
durations greater than 10 s, except for unusual
conditions. In special applications, such as
medical instrumentation, even longer exposure
durstions may apply.

For repetitively puised lasers, the towl exposure
duration, T, of the train of pulses must be
determined. This duration is determined in the
same manner as s used for cw laser exposures.
The method for determining the MPEs for
repetitively pulsed laser cxposures is given in
8.2.2.1 and 8.2.2.2. For pulse widths less than
1 ns, see Note in Section 8.

8.2.2.1 Repeated Exposures, Ultrariolet (315
to 400 am) — Special Considerations. For
repeated exposures, the exposure dose is additive
over a 24-hour period, regardiess of the repetition
rate. The MPE for any 24-hour period shouid be
reduced by a factor of 2.5 times relative 0 the
single-pulse MPE if exposures on succeeding days
are expected.

8.2.2.2 Repeated Exposures, Visible (400 10
708 am) and Infrared (> 700 mm). Botb scanned
cw lasers and repetitively pulsed lasers can
produce repetitively pulsed exposure conditions.
The MPE per pulse for repetitively pulsed
intrabeam viewing is n ' times the MPE for a
single pulse exposure where a is the number of
pulses found from the product of the prf and the
exposure duration (T) as defined in 8.2.2 (See
Figure 12 for a graphical representation of n1/4)
This MPE applies to all wavelengths greater than

" Lo ABed

68 3ovd LNAHSEHASH I

700 nm (thermal injury) For wavelengths less
than 700 nm, the MPE as calculated on the basis .
of n~1/* also must not exceed the MPE calculated

for at seconds when at is greater than 105,

For pulse repetition [requencies greater than

1S kHz, the average irradiance or radiant
exposure (radiance or integrated radiance) of the
pulse train shall not exceed the MPE (as given in
8.2) for a single puise equal in duration to the
pulse train duration, T

For wavelengths between 400 and 700 am, the
aversion response ume, 0.25 s, may be used unless
purposeful staring into the beam is intended or
anticipated For waveiengths greater than

700 nm, 10 s may be used as the exposure
duration unless purposeful staring into the beam
15 intended or anticipated.

8.3 MPE for Extended-Source Viewing. MPE
values for ocular exposure to extended sources for
single pulses or exposures are given in Table 6.
All values are specified at the cornea. (See 8.5
for special qualifications and use; see also Figs. S,
6. and 7.) For multiple pulse iasers or exposures.
the MPE is determined using the exposure time of
the pulse train duration, T

8.4 MPE for Skin Exposure to 3 Laser Beam.
MPE values for skin exposure to a laser beam are
given in Tabie 7. These levels are for worst-case
conditions and arc based on the best available
information.

8.4.1 MPE for Skia, Repeated Exposares For
repetitive-pulsed lasers the MPEs for skin
exposure are appiied as follows: Exposure of the
skin shall not exceed the MPE based upon a
single-pulse exposure, and the average irradiance
of the pulse train shall not exceed the MPE
applicable for the total pulse train, durstion T.
(See 8.5 for special qualifications and uses)

(" 8.4.2 Wavelengths Greater than 1.4 xm. For
beam cross-sectional arcas between 100 cm? and
1000 cm?, the MPE for cxposure durations
exceeding 10 s is 10,000/ 4, mW/cm?, where 4,
is the area of the exposed skin in cm?. For

exposed skin areas exceeding 1000 cm?, the MPE
a s 10 mW/cm?
[ mm———

8.5 Special Qualifications — Infrared. Availsble

data is not sufficient to define wavelength .

corrections relative to 1.06 um over the entire 0
7" infrared rahge (1.4 um to | mm). At 1.54 um,

T EEE /79 vy
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(5) Gases of different categones (1oxics, corro-
sives, flammable, oxidizers, inents, high pressure, and
cryogenics) not siored separately in accordance with
OSHA and Compressed Gas Associaltion requlre
ments.

7.8 Laser Dyes. Laser dyes are complex Auorescent
organic compounds which, when in solution with cer-
tin solvents, form a lasing medium for dyc lasers
Cenain dyes are highly toxic or carcinogenic. Since
these dyes frequently need 1o be changed, special care
must be wken when handling, preparing solutons.
and operating dye lasers. A MSDS for dye com-
pounds shall be available 1o all appropriaie workers

The use of dimethylsulfoxide (DMSO) as a solvent
for cyanine dyes in dye lasers should be discontinued
if possible. DMSO aids in the ranspon of dyes inw
the skin. If another solvent cannot be found, low per-
meability gloves should be womn by personnel any
time 8 situstion anses where contact with the solvent
may occur.

Dye lasers conwining at least 100 milluliters of
flammable liquids shall be in conformance with the
provisions of the NFPA (NFPA 30, 45, and 99).and
the NEC (Arucle 500 - Hazardous (classified) Loca-
tions).

7.9 Mechanical Hazards Associated with Robot-
ics. In many industial applications lasers arc
employed in conjunction with robots. In these situa-
tions, the mechanical safety of the robot installiation
muysi be carefully considered.

A number of accidents have occurred where a worker
has been pinned between a robot and a confining
object ("pinch effect™). The LSO should ensure thar
approaches to prevent these types of accidents are in
place. These approaches may include the use of sur-
face interiock mats, interlocked light curtains, or
‘an-n'gid walls and bamiars. The installation should
conform 10 recommendations contained in the docu-
ment ANSURIA R15.06-1986 Siandard for Indus-
trial Robots and Robot Sysiems-Safety Requirements
or latest revision thereof

7.10 Noise. Noise levels from ceriain Lasers, such as
cxcuner lasers, may be of such intensity that noise
conuol may be necessary. Consult the US Depan:
ment of Labor, Occupational Safety and Health
Administration Regulations and the ACGIH TL Vs

e

711 Waste Disposal. Proper waste disposal of con-
1aminated laser-related material, such as flue and

smoke filters, organic dyes, and solvent solutions
shall be handled «n conformance with appropriaie
{ocal state, and federal guidelines.

7.12 Confining Space. In many laser system instal-
lations, space 15 at 2 mimimum. Confining space can
be 8 problem when working around high voltage
equipment (see the Naoonal Elecrric Code, Section
110-16). There must be sufficient room for personnel
10 wmn around and mancuver freely. This issue is
compounded when more than anc type of laser is
being operated at the same tme. Whenever lasers or
laser systems are used in confining space, lacal
exhaust, mechanical venulauon and respiraory pro-
tecuon shall be used if LGAC s are present.

7.13 Ergonomics. Ergonomic problems can exist in
certain laser operations that can csuse unique arm,
hand, and wrist deviations. If such repetitive devia-
uans occur for long periods of time medical problems
such as carpal nne! syndrome can arisc. The LSO
should be aware of this problem and become familiar
with appropnate user control measures.

8. Criteria for Exposures of Eye and Skin

Maximum permissible exposure (MPE) values are
below known hazardous levels. Exposure (o levels at
the MPE values given may be uncomf{ortable 10 view
or feel upon the skin. Thus, i s good practice 10
‘maintain_ exposwe levels as far below the MPE
values as is pracucable.

L A limiting aperture shall be used for measurements or

calculations with all MPE values. This limiting aper-
ture is required, because the MPE has been expressed
(normalized) relauve to the limiting aperture area.
The himiting aperture is the maximum circular area
over which irradiance and radiant exposure can be
averaged (sec Secuons 3 and 9 for selection and
apphication of the appropriaic aperture).

The irradiance values for the MPEs in Table S can be
obtained by dividing the radiant exposure by the
exposure duration, L, in seconds. Values for the radi-
ant exposure can be obtained by multiplying Lhe irra-
diancc by the exposwe duration, t, in seconds
{Appendix G provides reference material on this sub-
Ject).
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applicable for a 0.07 s exposure. For exposure dura-
tions longer than 0.7 s, the MPE should be reduced
by a factor of S.4 for wavelengths between 0.4 and
0.6 um, and by a factor, 107 4®7~Y for wavelengths
between 0.6 and 0.7 pum.

When the eye is immobilized or otherwise con-
strained 30 that the image on the retina is stabilized
and the exposure duration is longer than 32 s, both
the intrabeam viewing and the extended source expo-
sure are limited © 20 Cy J/cm? &) averaged over
1.5 mrad.

8.4 MPE for Skin Exposure to a Laser Beam.
MPE values for skin cxposure to a laser beam are
given in Table 7. These levels are for worst- case
conditions and arc based on the best available infor-
mation.

8.4.1 MPE for Skin. Repeated Exposures. For
repetitively pulsed lasers the MPEs for skin exposure
are applied as follows: Exposure of the skin shall not
exceed the MPE based upon a single-pulse exposure,
and the average irradiance of the pulse train shall not
exceed the MPE applicable for the wial pulse train,
duration T.

8.42 Wavelengths Greater than 1.4 pm. For
beamn cross-sectional areas between 100cm? and
1000 cm?, the MPE for exposure durations excecding
103 is 10,000/A, mW/cm?, where A, is the area of
the exposed skin in cm? For exposed skin areas
exceeding 1000 cm?. the MPE is 10 mWim?,

9. Measurements

9.1 Gemeral. The laser classification scheme
described in Section 3 is designed 10 minimize the
need for laser measurements and calculstions by the
Juer. Generally, such messurements are required
only when manufacwurer's information is not avail-
ablec. when the laser or laser sysiem has not been
clagsified by the manufacwrer in accordance with the
Federal Laser Products Performance Standard, or
when alterations 10 a sysiem may have changed its
classification.

The cumulative error due 1o all sources of inaccuracy
(both systematic and swtistical), including human
factors, opersting conditons, and insgumental errors,
shall not exceed +20%, ox, if this is not possible. the
best that the state of the art reasonably will permit. It
is imporamt 10 recognize that measurements

LAHHSYHASH  awse

improperly performed may be worse than no mess-
urements, since they may imply a safe condition that
docs not actually exist. Experience has shown that
measurement errors well in excess of +20% are com-
monly made and often are unidentified.

If measurements are performed, the accuracy of the
istumeniation should be oacesble 10 national stan-
dards, either direcdy o the Nauonal Institute of Sci-
ence and Technology (NIST) or to other ransfer stan-
dards traccable 10 NIST. The NIST conducts pro-
grams for assistance in mecting these requirements.
{Sec references in H4 )

Measurements shouid be atiempied only by personnel
rained or cxperienced in laser technology and
radiometry. Routine survey messurements of Lasers
or laser systems are ncither requued nor advisable
when the laser classifications are known and the
appropnate conuol measures implemented.

If a laser or lac - system is used outdoors over long
ranges, where the unceraaintics of propagation
nfluence exposures, or where the beam divergence is

‘uncertain. measurements may be useful.

Measurements shall be made with the laser adjusied.
for maximum output for the intended use.

92 Intrabeam and Extended-Source Measure-
ments. If measurements or calculations are required,
distincion shall first be made between intrabeam
viewing and exiended-source viewing in the 0.4 1©
1.4 um wavelength region. For the purpose of this
standard, an exiended source subtends an angle at the
observer’s ¢yc gresier than the angular subiense,
Qeu. (shown in Fig. 3), across the smallest angular
dimengion of th.  urce as viewed by the observer.

9.2.1 Radisnce. The maximum radiance of an
extended sourcc, such as the scauering of a laser
beam from a diffuse surface, shall be determined by
measurement. The measurement may average ovex
the appropriate conical field of view defined by the
angular sublense, o, ., or over a | mm diameter cir-
cular area, whichever gives the larger valuc of rad)-
ance. In the case of nonuniform exiended-sousce
profiles, such as those resulting from inhomogencous
Deams or “"hot spots,”’ the measurement shall be
taken from the regions of greatcst radiance.

92.2 Irradiance or Radiant Exposure.

9.2.2.]1 Limiting Aperture. The measuement
of uradiance ar radiant exposure shall be made with
nstruments that average over circular areas defined
by the effective limiting aperture diameters given in

a38083.96¢
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Magnetic field comparison between the RF 1988 standard of the International
Radiation Protection Associaton and the RF 1991 standard of the Institute of

Exposure standards IR?A 'qxz

average SAR might not exceed 0.4 W/kg, several reports indicated
tha, under certain conditions, local peak SARs in the extremities =

Table 34. IRPA ocoupational sxposure irnits tor RF fielde®

FreQquency Unperturbed Unperturbed Equivalent plene- wave
7] s slectnic s Megnetic power density
fiokd strength old sTrengih

(M) Vb tAfm)® (Wam)® (mwiomi®

D11 814

> 110 614N y.en

> 10-400 [} 018 10 1

> 400- 2000 a0 0.0081° % 1/40 11400

» 2000-300 000 13? 038 S0 S

6.3 (0

* From; IRPA (1988a). -For -c: l l_.‘: - .6 PR, - 3

1 = trequency in MH2. "'f—” * !:6 bty

Noie: Hezerds o1 RF burrs should be slimineted by ETVUng currents from contect

with metal objects. In most siustions, this maey be achisved by reducing the E

valuse from 814 1o 134 Vim in the cenpge from 0.1 to | MMz and feom 614 to

19441 %3 in the range from > 1 to 10 MMz,
TeGte 35. (RPA genvral popuiat posure limits tor RF fieide*
Frequency Unpecturbed Unperturived ‘Equivalem plane- wave
range e shectric e magnet power density

field strength ﬁ-u-.o't—nnng'.%\s
(MHz) Vims® (Admy® (Wim?)® imwiem®
611 87 6.3
1]

»>1-10 874%8 0.234%3 PRBNER  4 70
> 10-400 275 0.073 2 0.2 -13 —
» 400- 2000 1.375%8 0.00371%2 17200 12000
> 2000-300 000 61 o.18 10 1
“From: IRPA (1988a). (il en {’3\ 0.23/‘-""': 123

%) » trequency in M.

Electrical and Electronic Engineers (IEEE) shows that at: | MHz:
10 fold higher limits are found for IEEE than IRPA for ‘occupational’ exposure
70 fold higher limits are found for [EEE than IRPA for ‘general population exposur,

Rlectrumagnetic Flelda (costrolled envirooments)

Frequency Electric Field Maguaec ic Fleld nanizy )
Rarge Strength Strergth B-ti ; B faeld
™Mz} E (V/m) H (A/m) a8t/ awt)
e s st .

0.603-0.: €14 ) (100;1, 000G, 000
0.1:3.0 614 (100
3.0-30 1042/¢ 16.3 ogglt‘)-
310100 61.4 16.3/¢ u 0; 10 000/
100- 300 61.4 0.163 1.0
300 - 3000 .- - £/300
300019, 000 .- .- 10
15, 000 - 300, 000 .- 10
Notes - { - trequency in megabhertr OMfe)

E » electric field

# - cagretic £ield -Qv =\

16.3..3
£

Rlectrosagnetic Fields (uncontrolled emvironments)

Fowex
Prequency Hlecrric Field Magnetic field Denadty (S)
Range n-u.::;; H-field
044z B (V/m) R (A (8t oot )
e ———
0.003-0.1 64 {100;1,000, ooo -
0.1-1.34 614 Cﬁ@ (200;
1.34-3.0 821.8/¢ Ale (um/t.'%0 w 000/!2)-
1.0-30 6.8/t 16.3/¢ (180/£2; 56
30- 100 .5 158.3/¢3-668 (0.2; 940, ooo/t 2336,
;gg;ggo 2.5 0.0729 0.2
- - . :

3000- 15, 000 . .- :jmxsoo
15,000-300,000  -- 10
Noces: [ = freguency in megehertz OMRZ)

E = elaciric field

R - mgreric tiala When t= | 16.3/¢216-3

vim - th pey mster
- P wEter
m/:! - mzu PeT ORRivnter spmsed
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"Amplitude Modulated Fields

Biological effects have been observed at RF and MW fields amplitude modulated

at ELF at SAR levels below thresholds for effects of continuous waves. Many of these
effects are the same or similar to effects observed for ELF electric and magnetic fields.
The observed effects are usually field frequency and intensity specific, tend to occur
within relatively narrow ranges of both field parameters, and are dependent on other
physical and physiological characteristics of the exposed biological system. Many of
these parameters have not been fully identified and characterized. The interaction
mechanisms remain unknown. The scientific literature database is relatively limited in
this area. However, the potential importance of these effects should not be overlooked
Jor two reasons. First the scientific evidence with respect to health effects of ELF fields
while still inconclusive. 15 suggestive of possible detrimental effects. Second, until the
recent developments in digital communication, hardly any situations of human exposure
to RF/MW fields deeply amplitude modulated at ELF occurred. This situation is going to
change rather rapidly with expansion of wireless digital communication. " [page 330)

IRPA (1988): the standard of the Internationa Radiation Protection Association, App. 1,
Health Physics 46 975-984], Vol 274, pg. 330, 1995. Plenum Press, New York
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Gfegn, DR etal, (1977). "Biological effects of microwaves on the pupae of Tenebrio
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Thus, there is a clear irend of low height transmutters. Hence, while historical exposures
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installed.
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